Introduction
Reinforcing soil under the foundations is becoming a reliable technique due to the advent of materials such as grids/mats that can be made of both natural and synthetic materials. Natural products such as coir mats and coir grids with are emerging as viable reinforcing material, when introduced in the soil. Reinforced soil has performed satisfactory under monotonic/static loadings. Several literatures are available support the above fact [1] .
Structural engineers come across situations wherein live loads in a structure may be greater than the dead load of the structure itself. Further these kinds of live loads are also found to change with time, thereby subjecting the underlying soil to the repeated or cyclic loads. Thus the performance of foundations under such situations mainly depends on frequency and amplitude of the cyclic loading. Further, foundations are also subjected to vibrations during seismic activity as well as foundations under machines. Studies on performance of footings under cyclic loading are very few in literatures Gray and Ohashi [2] , Chang et al. [3] , Gray. and Talal Al-Refeai [4] , Guido et al. [5] , Raymond & comos [6] , Wasti and Butun (1996), Chen et al. [7] . The application of reinforced soil under cyclic load has enormous potential in many applications of civil engineering. It shall be noted that the settlements under cyclic loads are far greater than those produced under static loads by [8] [9] [10] [11] [12] [13] [14] [15] [16] . The overall behavior of the reinforced mass depends on the reinforcement material.
Reinforcement when introduced into soil and aligned in the direction of the tensile strain arc disrupts the uniform pattern of strain that would develop if the reinforcement did not exist. The reinforcement also inhibits the formation of continuous rupture surfaces through the soil, resulting in improved stiffness and shear strength. Jewell [17] has shown the improved behaviour of reinforced dense sand.
The Properties of reinforcement, soil characteristics and the nature of the interaction between the soil and the reinforcement influences the performance of the reinforced soil. The interaction mechanism is affected by factors such as: state of stress within the reinforced mass; nature of loading; direction of reinforcement; boundary conditions; and material and interface properties. In the case of monotonic loading, three mechanisms of interaction have been identified: passive anchorage; enhanced confinement; and tensile membrane action. Under cyclic loading conditions, other mechanisms such as dynamic interlock have been observed [18] . Shin et al. [19] investigated the prospect of reinforcing geogrid layers in soil to reduce the settlement of a railroad bed and subballast layer subjected to cyclic load. Moghaddas Tafreshi and Dawson [20] found when reinforcement were placed in optimum depth from the surface of footings such as strip, square, rectangular foundations, the maximum advantage of reinforcement in bearing capacity was obtained. Naeini and Gholampoor [21] investigated number of cyclic triaxial tests on specimens of 70 mm diameter to study the cyclic performance of dry silty sand reinforced with a geotextile. Factors affecting the cyclic behavior, viz. the arrangement and number of geotextile layers, confining pressures and silt content were varied in the tests. It was concluded that geotextile reinforcement causes considerable increase in the cyclic axial modulus of dry sand and sand mixed with varying amounts of silt and the effect was more prominent when the geotextile was placed near the surface of the sample.
This tendency indicates that the reinforced soil behaves in a different manner under cyclic loading. Hence a clear understanding of the mechanism or settlement of reinforced soil under cyclic loading needs to be understood. Hence in the present experimental investigation a natural bi-product such as coir mat has been used as reinforcement and experimental studies using model footings subjected to cyclic loading resting on reinforced sand beds is proposed to understand the settlement behavior of footings and number of layers of reiforcement under cyclic loading with different excitation parameters.
Materials
The sand used in the present investigation is locally available medium silica river sand, dried and sorted by particle sizes. The sand was sieved through 1 mm IS sieve in order to make it a uniformly graded, to minimize effect of segregation during preparation of the sand bed. Table 1 shows the properties of sand used.
Coir mat procured from Karnataka coir Federation, Bangalore was used in the present study. The size of the opening of the coir mat was kept equal to 20 × 20 mm. It was found from direct shear test results that the coir mat opening of size 20 × 20 mm gave optimum value of internal friction [22] The typical properties of the coir mats are as shown in Table 2 .
Methodology

Preparation of the sand bed
In the present investigation, sand bed was compacted in the test tank by raining technique to attain a compacted density of 16.9 kN/m 3 with a relative density of 60%. Predetermined weight of sand was poured using a funnel from a specified height so that the essential relative density of 60% is achieved. The sand was spread uniformly during pouring in layers. Uniformly distributed blows of about 20 numbers using a standard 4.5 kg rammer falling though a height of 45 cm were also given to level of compacted sand. Empty cups were placed during filling to determine the density of the sand in the cup. Several trials were done to determine the height of fall of sand to keep the uniformity in compaction to give the desired relative density. Figure 1 shows the pouring of sand in the test tank by raining technique. For the case of unreinforced sand, the sand was compacted in three layers of equal height. For the case of reinforced sand, coir mat was placed so that specified clearance of about 40 mm from the sides of tank was maintained in order to avoid side friction. Cover factor 10.8
Breaking load (N) 252
The configuration of coir mat reinforcement used in the investigation was shown in Fig. 2 placed in number of layers NL = 1, 2, 3 and 4 and the details of the parameters are as shown in the Table 3 . To represent the practical situation regarding ratio of model footing and tank size used, followed the procedure as per IS: 1888 (1982) and the load increment was maintained until the rate of settlement reduced to a value 0.02 mm/min. The footing of diameter 100 mm was placed on the surface of the sand bed and cyclic load was applied using hydraulic actuator placed vertically in line with load cell and piston. Both reinforced and unreinforced sand beds were subjected to cyclic In the present investigation, half wave sine form was used throughout the loading of the model footing. Tests were done under a constant cyclic pressure of 100, 200 and 300 kPa and under each constant cyclic pressure; the frequency of the sine wave was varied from 0.5, 1 and 1.5 Hz. Figure 3 shows schematic diagram of entire test setup used in the present investigation. For very lightly loaded footings the natural frequency is almost independent of the footing size for a given load intensity, but for high loads it is almost inversely proportional to the foundation width. For inundated foundations the natural frequencies were again almost independent of the footing shape at low load intensities, but the frequencies were only a little over half those on the dry sand. At high loads the frequency was again roughly inversely proportional to the footing width but was not nearly so low relative to the value for a corresponding footing on dry sand as it was at low load intensities [23] .
Series of such test were conducted for reinforced sand bed with number of layers being varied from 1, 2, 3 and 4. The layers of mat reinforcement were positioned at specified locations and load tests were done until the cyclic settlements showed sudden increase indicating significant penetration of the model footing after certain 
Cyclic load settlement behavior of unreinforced sand
The results of the cyclic loading test on model footings resting on unreinforced sand and coir mat reinforced sand with coir mat placed at different configurations have been presented. Analysis of the results under different excitation parameters such as effect of frequency, effect of amplitude of loading in terms of cyclic pressure is determined.
The test results recorded for model footing resting on unreinforced sand and at excitation parameters such as frequency (F) = 0.5 Hz and cyclic pressure (CP) = 100, 200 and 300 kPa. Figure 4 shows the typical variation of number of cycles versus cumulative cyclic settlement, henceforth called as cyclic settlement at F = 0.5, 1 and 1.5 Hz and at CP = 100, 200 and 300 kPa. It can be seen from Fig. 4 that for a constant frequency of 0.5 Hz, increase in cyclic pressure increases settlement. From these plots, it can be inferred that for a given frequency and cyclic pressure, the rate of settlement increases after a certain number of cycles are reached.
The unreinforced sand is set to yield at approximately number of cycles N = 2000 corresponding to F = 0.5 Hz and CP = 100 kPa. Similar trends have been obtained for unreinforced sand tested under different frequencies and different cyclic pressures, in all these cases it can be seen that with increase in cyclic pressure and at a constant frequency the number of cycles required to cause yielding decreases. Figure 4 shows such a variation where it can be seen that for a given constant frequency increase in cyclic pressure causes soil to yield at a smaller number of cycles. Similarly for a constant cyclic pressure increase in frequency causes soil to yield at lower value of number of cycles. 
Cyclic load settlement behaviour of reinforced sand
Cyclic load were also applied for model footings resting on reinforced sand bed by placing single layer, two layers, three layers and four layers as per the test configuration shown in Table 4 , to determine effect of frequency and amplitude of cyclic loading. The results were analyzed to determine optimum number of layers, that are most beneficial in reducing the settlement as well as increasing the number of load cycles before yielding and hence to increase the cyclic load carrying capacity of reinforced sand. Figure 5 shows typical variation of cyclic settlement with number of cycles for different layers configuration used in the present study. It can be seen from all these figures that for a constant frequency and constant amplitude in terms of CP the sand reinforced with NL = 2 has been more effective in resisting cyclic load compared to NL = 1, 3 and 4 layers. The sand with NL = 1 is the least resistant as the cyclic settlement recorded corresponding to different cycles of loading is significantly large when compared with 2, 3 and 4 layers. Further the cyclic settlement recorded for reinforced sand with NL = 3 and 4 shows marginal variations in cyclic settlement with number of cycles between them. Also for a given number of load cycles the cyclic settlement recorded for NL = 3 and 4 are higher than those recorded for NL = 1 layer for a constant frequency and cyclic pressure.
The reason for the above trend can be attributed to the following: It is known that provision of reinforcement increases stiffness of the sand. Further mat or grid form of reinforcement provides inter locking effect, by locking the sand particles in the space/ grid of the reinforcement. This restrains the lateral movement of the soil particles, causing increased cyclic resistance of reinforced sand. However, the increased cyclic resistance also depends on location or position of the reinforcement below the model footing. Due to repeated load cycles on the geogrid-reinforced soil beds, the soil particles are locked into the apertures of mat during the loading stage and prevent the full recovery of elastic and time-dependent strains to develop during the unloading stage. This is concept is known as "Dynamic Interlock". The dynamic interlock in soil structures induces soil confining stresses as a result of the compaction process, which strengthens the reinforced soil medium. In the present experimental investigation number of layers were varied from 1, 2, 3 and 4 by varying u/B = 0.3 and h/B ratio was kept constant = 0.5 between different layers. The trend in the results indicates that the introduction of two layered reinforcement is more effective. This is due to the fact that, when two layers are placed with u/B = 0.3 and h/B = 0.5 it will lie in the probable shear failure zone below the model footing. Theoretically the depth of the shear failure zone will extend to a depth of 0.5-1.2 B, depending on angle of internal friction of compacted sand. For other layer configurations such as for NL = 3 and 4, the third and fourth layer may be located below the shear failure zone. Thus the trend in test results clearly indicates that NL = 2 is most effective in increase in cyclic resistance. However, it can also be noted that introduction of reinforcement causes a significant increase in cyclic resistance when compared to unreinforced sand as the number of load cycles required for the soil to yield is significantly larger when compared with that obtained for unreinforced sand. The rate of change of peak settlement and residual settlement reduces as the number of cycles increases and that a small reduction in amplitude (i.e. the difference between these two settlements) is also apparent. Often, the variation of settlement becomes stable after number cycles. This stabilizing response indicates that the early process of reorientation of particles, causing local fill stiffening, ceases relative rapidly and the system then reaches the ''plastic shakedown'' condition defined by Werkmeister et al. [24] , in which subsequent deformation is fully recovered in each cycle. These values entail that the relative decrease in footing settlement for a variation of N between 1 and 2 is significantly greater than those for variation of N between 2 and 4. Despite the fact that the mass used for N = 1 and N = 2 are, respectively, two and four times of N = 1. Moghaddas Tafreshi and Khalaj [25] investigated the decrease in the settlement of the overlying soil surface under repeated loads can be reduced significantly by using geogrid reinforcement, while the effectiveness of the reinforcement was decreased by increasing the number of reinforcement layers. Figure 6 shows effect of frequency of cyclic loading with number of layers. It clearly shows that with NL = 2 layers there is a significant reduction in settlement with a corresponding increase in number of load cycles required to cause yield. Further it can also be seen that the cyclic resistance of unreinforced sand is significantly lower than those for reinforced sand. With increase in frequency of cyclic loading the number of cycles required to cause yielding of sand decreases, which is in confirmation with earlier literatures. Figure 7 shows variation of cyclic settlement with number of cycles at different cyclic pressure. It can be seen that increase in cyclic pressure/amplitude of cyclic loading increases the cyclic settlement for a constant frequency of 0.5 Hz. Thus increase in amplitude of cyclic loading causes the soil to yield at earlier cycles and the trend in results once again indicates that NL = 2 layers is more effective in retarding cyclic settlement under all excitation parameters such as frequency and amplitude of cyclic loading. 
Effect of frequency of cyclic loading
Effect of cyclic pressure
Effect of frequency and amplitude of loading on cyclic settlement ratio
To analyze the effect of introduction of different number of layers of coir mat and to determine optimum number of layers which is more effective in increasing the cyclic resistance of reinforced sand, the cyclic stress ratio (CSR) was calculated for different number of cycles. Table 4 shows typical calculated values of CSR corresponding to NL = 1, CP = 100 kPa and varying frequencies. Figure 8 shows variation of CSR with s/B under different frequencies and different cyclic pressure obtained for different layer configurations. Majority of the trend in results indicate that CSR increases with increase in s/B ratio for all layer configurations. It can also be seen that for a given s/B ratio maximum CSR is obtained for NL = 2 layers and marginal variations have been indicated with regard to CSR values for NL = 3 and 4 layers. Figure 9 shows values of CSR with s/B for single and double Layer Configuration under F = 0.5 Hz and CP = 300 kPa. However, at higher frequency and at higher cyclic pressure CSR reaches maximum with a subsequent reduction in CSR with increase in s/B ratio. This trend in higher CSR at lower s/B ratio when frequency and amplitude of loading is higher is due to the effect of particle being rearranged under initial rigorous shaking to achieve higher compaction at lower values of settlement-leading to higher initial cyclic resistance. Continued shaking ultimately breaks the confining effect provided by compacted sand and hence CSR reduces and shows decreasing trend with increasing s/B. However, CSR values for all s/B ratios lies in the range higher than 50 indicating cyclic resistance of reinforced sand bed is significantly high when compared with cyclic resistance of unreinforced sand.
To confirm the above trend in variation of CSR, the stiffness of reinforced sand bed were also calculated in terms of cycles per mm. The calculated values of stiffness obtained for both unreinforced and reinforced sand with NL = 1, 2, 3 and 4 layers and at CP = 100, 200 and 300 kPa at a constant frequency of 0.5 Hz. Figure 10 shows typical variation of stiffness with number of cycles for different layer configuration under different excitation parameters. It can be seen that stiffness increases with increase in number of cycles and stiffness of unreinforced sand is significantly lower when compared with reinforced sand. The trend in results indicates only marginal variation in stiffness when sand is reinforced with NL = 3 and 4 layers. Further the stiffness obtained corresponding to NL = 3 and 4 layers is lower than those obtained for NL = 2 layers at all excitation parameters of cyclic loading but greater than that obtained for unreinforced sand.
Analysis of trend in results in terms of CSR and stiffness of reinforced sand bed have indicated the following: (i) The performance of the reinforced sand bed is better than unreinforced sand bed under cyclic loading and at all excitation parameters such as frequency and amplitude of loading.(ii) Increase in frequency and amplitude of cyclic loading increases the settlement of the footing, but the corresponding settlement obtained for unreinforced sand is significantly larger-indicating reinforcing sand using grid/mat type of reinforcement increases the efficiency and performance of foundations to resist cyclic or repeated loads. which causes significant retardation in settlement and also causes significant increase in number of cycles required to cause yielding of soil. (iv) The optimum number of layers required for cyclic loading is also same as that required for static loading, (as per studies conducted by Binquet and Lee [26] ; Akinmusuru and Akinbolade [27] ). (v) The performance of reinforced sand bed mainly depends on location of the reinforcement. By placing NL = 2 layers, reinforcement are enclosed in the shear zone below the footing and helps to restrain the soil deformation that occurs in the failure zone to a great extent. Hence efficiency of reinforced sand bed under cyclic loading becomes maximum under all excitation parameters with NL = 2 layers.
Two important observations from this plot are: Introducing of Reinforcement, increased with the number of layers at all confining pressures; Increase in confining pressure resulted in the decrease in the benefit for any precise amount of reinforcement. These results are in accord with the observations by Haeri et al. [28] . Increase in the performance due to reinforcement is nonlinear with the increase in quantity of reinforcement, the nonlinearity decreasing with the increase in confining pressure.
Conclusions
The behavior of model footings resting on coir mat reinforced sand bed as well as unreinforced sand bed was studied. Cyclic load was applied till sufficient number of load cycles was reached to cause yielding of soil. Reinforcement parameters such as number of layers and excitation parameters such as frequency and amplitude of cyclic loading were studied by compact the sand to a relative density of 60%. Based on the analysis of test results the following conclusions are drawn:
1. Structures that are sensitive to settlement, as well as structures that are subjected to repeated or cyclic loading, the load carrying capacity can be increased and the settlement can be decreased to a much lower magnitude by reinforcing the soil using mat/ grid form of reinforcement. 2. The rate of settlement, magnitude of settlement, the number of cycles required to cause yielding of soil are a function of frequency and amplitude of cyclic loading. 3. For given amplitude of cyclic loading, increase in number of layers of reinforcement, decreases the settlement as well as the number of load cycles required to cause yielding increases. Similar trend has been obtained for a given value of frequency of cyclic load. 4. Under a constant frequency and for a given reinforcement configuration, increase in amplitude of cyclic loading increases the settlement under same number of load cycles. Similarly for constant amplitude of loading, increase in frequency of cyclic load increases the settlement. 5. Increase in amplitude and frequency of cyclic load increases the footing settlement irrespective of increase in number of layers. 6. With increasing number of layers, the number of cycles required to cause failure increases-indicating increase in load carrying capacity of reinforced sand. However, the footing settlement under the same number of cycles increases, with increase in number of layers greater than two layers. Thus the efficiency of the reinforcement is decreased by increase in mass of the reinforcement.
